INTRODUCTION
In previous articles (Tamaoka & Altmann, 2004; a database of 1945 basic kanji (Tamaoka et al., 2002; Tamaoka & Makioka, 2004 ) was used to show that Japanese kanji can combine with one another to different extents in order to build new compound words. For example the kanji /gaku/, meaning in English 'to learn' or 'learning', can be used as the left-hand component of compounds such as /gaQkoR/ (Q ¼ a moraic geminate or voiceless obstruent and R ¼ a moraic long vowel) 'school' /gakusei/ 'student' /gakusya/ 'scholar' or as the right-hand component, as in /ryuRgaku/ 'study aboard' /nyuRgaku/ 'school admission' /buNgaku/ (N ¼ a moraic nasal) 'literature' An interesting question arises as to the extent of this combinability. Since two kanji combined with one another can be considered as a graph with two vertices and one (directed) edge, the whole set of selected kanji (vertices) with all realized combinations (edges) establishes a (directed) graph G ¼ {V, E} where V ¼ set of vertices (kanji), E ¼ set of edges (realized combinations), or a network. The edges are directed from the first part of the compound to the second. Graphs of this kind have been thoroughly examined not only in statistical physics but also in many other fields (for a general survey, see Albert & Baraba´si, 2002;  for linguistics, Batagelj et al., 2002a, b; Ferrer i Cancho & Sole´(2003) ; Ferrer i Cancho et al., 2004; Steyvers & Tenenbaum, 2005) .
We considered such combinations separately for common (or general) nouns and for proper nouns, using 1934 commonly used kanji in the first case and 1430 kanji in the second case. The graph of combinations was represented as a matrix of 1934 6 1430 cells in a spreadsheet file. 1 Networks constructed in this way display a number of properties by which they can sometimes be classified as random graphs, small worlds, scale-free etc. The aim of the present study is to investigate some properties of these graphs as applied to Japanese two-kanji compound nouns.
OUTDEGREE AND INDEGREE
In a compound consisting of components, the edge is directed from the first component to the second. The number of edges going out from a 1 Japanese has 1945 basic kanji, but some kanji with zero combinations were omitted.
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vertex (here kanji) designates its outdegree, the number of edges ending at a vertex designates its indegree. As has been shown in the previous study (Tamaoka & Altmann, 2004) , the outdegree and the indegree are not necessarily equal, i.e. there is not necessarily a quantitative symmetry. Moreover, an AB compound does not imply the existence of BA. For example, if the word /gakusya/ 'scholar' is considered as an AB compound, the BA compound of /syagaku/ does not exist in Japanese. As such, there is no guarantee of qualitative symmetry.
The study of the distribution of degrees is routine work in network analysis. The shape of the distributions tells us something about the type of the network and the process of attachment when new vertices are added. In literature we can find a number of distributions derived and used for these purposes. In linguistics it is reasonable to examine both the distribution of (in-and out-) degrees and their rank-frequency distribution, a problem introduced by Zipf (1935) .
As already pointed out, the process of building a network of compounds is a stochastic birth-and-death process with simple birth and death rates leading to a negative binomial distribution (see Table 1a and Figure 1 ). In this process new compounds are built preferentially with those kanji which already have many compounds. It is to be noted that a random building process would lead to a Poisson distribution and the avoidance of those kanji would already build several compounds for new compounds which lead to a binomial distribution.
In analysing this process, the kanji that do not have a follower will be simply left out of outdegree counting and those which do not have a predecessor will be left out of indegree counting, because, from the point of view of network analysis, they are not yet a part of the graph. Thus, the frequency of x ¼ 0 was not taken into account during fitting. This manipulation resulted in the 1934 6 1430 matrix. Since the total set of basic kanji consists of 1945 characters, we would expect a 1945 6 1945 matrix if all kanji were combinable with one another.
Considering now the same phenomenon in common nouns, it is easily shown that the negative binomial distribution does not yield a satisfactory fit. The difference between proper nouns and common nouns consists in their semantics: proper nouns need not have any meaning while common nouns must have a meaning. The fate of some proper nouns is also controlled by biological or other factors that influence linguistic creativity. Commonly-used family names (e.g. /yamamoto/, /suzuki/) and company names (e.g. /yamaha/, 138 K. TAMAOKA ET AL.
/toyota/), and place names (e.g. /toRkyoR/, /hirosima/) can exhibit different frequencies depending upon social, economical and biological factors. In contrast, compound common nouns denote concrete things or abstract ideas and matters so that these words might be associated with their linguistic and semantic nature. In any case, this 
COMPOUNDING OF JAPANESE KANJI difference should be captured by different birth and death rates in the stochastic process. The process will be considered the same, namely a birth-and-death process, because this type of process underlies the 
Note: An even better fit can be achieved if one pools classes with NP x 4 1 (here NP x 4 5 was taken).
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background of any linguistic inventory building. However, we now try to determine the birth and death ratios as follows:
Then we obtain the balancing equations
whose solution results in a positive Waring distribution (¼ zero-truncated Waring distribution)
ðb þ n þ 1Þ ðxÞ ; x ¼ 1; 2; 3; . . . 
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Even a simple estimator made from the first two frequency classes is sufficient to show the good fit of this model. We obtain from P 1 and P
Here we obtainb ¼ 1:9421;n ¼ 22:9294. The result of fitting for the distribution of indegrees is shown in Table 2a .
The fitting of the model to outdegrees is shown in Table 2b . Though the empirical frequencies do not decrease monotonously at the beginning, the fit is good. Alternative pooling of classes could have resulted in an even better chi-square.
If we ignore the direction of the edges (orientation) and merely consider the associativity of a noun, i.e. the degree of a vertex, we obtain a richer distribution both for proper nouns and for common nouns. Here again the zeroes are automatically dropped because a noun with zero degree does not belong to the network. As might be expected, the combined indegree and outdegree yield a mixed negative binomial distribution. A preliminary approximation has been performed with the aid of the one-displaced mixed negative binomial. Instead of tables we show only the graphs.
As can be seen in Figure 3 , proper nouns have a more regular combination of degrees than common nouns. For example, many two-kanji compound proper nouns can be created with /yama/ as the first kanji; combined with /moto/, this yields one of the most often used family names, viz.
/yamamoto/. In the same manner, other common family names are created, like /yamasita/, /yamauti/, /yamaguti/, all having the same kanji in the first position. On the other hand, as Figure 2 shows, there are some conspicuous tendencies towards multimodality. Common nouns can be created by a variety of kanji combinations. Further research regarding this distribution should be conducted.
RANK-FREQUENCY DISTRIBUTION
In linguistics it is common practice to consider the rank-frequency distribution of entities. Though it is possible to transform the two aspects 142 K. TAMAOKA ET AL.
into one another, the correspondence is not always satisfactory, especially in simpler cases. Thus we simply try to find an adequate ranking function for the in-and outdegrees ordered in decreasing order. For ranking problems, there are a great number of different distributions derived on the basis of different assumptions. However, they all hold true 
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following results (K, M, n are the parameters, C is the contingency coefficient which has been evaluated because of the enormous sample sizes):
Common nouns outdegree: K ¼ 3.2175, M ¼ 0.6223, n ¼ 2100, X 2 1830 ¼ 318.33, C ¼ 0.0089 (Fig. 4a.) indegree: K ¼ 3.9519, M ¼ 0.6840, n ¼ 2250, X 2 1778 ¼ 400.19, C ¼ 0.0111 (Fig. 4b.) Proper nouns outdegree: (Fig. 4d.) Instead of giving the tabular data, which is extensive, we simply present the graphs of observed and computed values in Figures 4a to 4d . Fig. 4a . Rank-frequencies of outdegrees of Japanese two-kanji compound common nouns.
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K. TAMAOKA ET AL. Fig. 4b . Rank-frequencies of indegrees of Japanese two-kanji compound common nouns. Fig. 4c . Rank-frequencies of outdegrees of Japanese two-kanji compound proper nouns.
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As can easily be seen, with proper nouns the parameters K and n have a very high value; thus the distribution converges to the negative binomial, which could be used as a limiting alternative. In any case we see that ranks of degrees behave very regularly and have very similar rankfrequency distributions for both proper and common nouns. This fact is also important for the general theory of ranking.
THE KIND OF MIXING
In this section, we consider possible combinatory tendencies in the building of kanji compounds. There are three known possibilities from network theory which are adapted here in directed graphs:
(1) Kanji with high outdegree are typically followed by kanji having a high indegree; in this case we speak of assortative compounding (also called assortative mixing in network theory).
(2) Kanji with high outdegree are usually followed by a kanji with low indegree, i.e. a commonly-used kanji prefers rather specialized kanji as followers; in this case we speak of dissortative compounding.
(3) There are no such tendencies; the combining is random (neutral) (cf. Newman, 2002; 2003) .
Since random combining is a logical possibility only with proper nouns, a specific kind of tendency is expected at least with common nouns. In order to ascertain this, we simply compute the linear regression between the outdegrees of kanji and the indegrees of those kanji which can be adjacent.
Since for every outdegree x there are a great number of different indegrees, we either consider their mean and obtain a simple curve, or we consider all values and perform a variance analysis. As a first step we chose to perform a variance analysis since the regression is possibly not linear and the correct curve must be derived theoretically. We remain at the level of an inductive approach. The results are given in Table 3a for proper nouns and in Table 3b for common nouns. . Since this is greater than the critical value 1 (say at the 0.995 level), the null hypothesis must be rejected. Nevertheless, since classical tests with extremely large samples are problematic, we compute the straight line y ¼ 140.9687216 -0.431678027x. The results of both the F-test and the t-test indicate a highly significant regression coefficient. As it is negative, we can conclude that the relationship is not linear but the compounding is dissortative, that is, the greater the outdegree of a kanji, the smaller the indegree of those kanji which are combined with it to form a proper noun.
In the case of common nouns the linearity test gives us 7661/ 2034.2977 ¼ 1.4898 which is distributed as F 119,? and remains at the border of significance (at the 0.995 level). Even if we do not accept linearity, the straight line y ¼ 52.65144 7 0.0423916x signals a highly significant regression coefficient. Thus, also common names exhibit dissortative compounding.
The straight lines for both regressions are presented in Figure 5 . Since straight lines are not adequate, we try to discover more realistic curves (dashed line ¼ proper noun; solid line ¼ common noun). To this end we merely compare the x values (outdegrees) with the respective mean indegrees (y) in order to see the course of the dependence (see Figure 5a and Figure 5b ).
While a straight line would be visually acceptable for common nouns, proper nouns display a curvilinear trend, indicating that the dissortativity at the beginning, i.e. with smaller outdegrees, holds, but the trend slows down and changes direction with larger outdegrees. In other words, proper nouns beginning with commonly-used kanji preferably combine with commonly used kanji to build proper names.
CONCLUSIONS
Building compounds is not a chaotic process. Nevertheless, it is not necessarily straightforward, either. It depends on many factors, such as the character of a language, the requirements of its speakers, external realities, tradition, and the present state of language development. It is a process in which the formation of an individual compound can be a COMPOUNDING OF JAPANESE KANJI random product of creativity; but as a whole it is a process displaying features of control. It is rule-governed in several regards, presenting conspicuous regularities, strategies and forms. If we consider this from a purely linguistic point of view, we obtain different classifications of compounds that show the construction techniques preferred or allowed and represent the contents of grammar textbooks. However, if we consider compounding as a mass phenomenon, we can arrive at some latent phenomena that are, perhaps, common to all languages that build compounds. Only a thorough analysis of individual languages can corroborate or weaken the assumption that some of the processes of compound building have a universal character. We are convinced that the processes, distributions, and curves found in Japanese will be different from those in other languages, but at the same time we believe that they boil down to a common principle which must, of course, be derived deductively, even if we have been forced to proceed in an inductive manner as in some cases here. Only future research can show the direction of a possible theory.
